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ﮔﺮﻩ  ﻋﻤﻞ ﻃﻮﻝ ﺩﻭﺭﻩ ﭘﺘﺎﻧﺴﻴﻞ ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ ﻭ  ﻣﻴﺰﺍﻥ ﺑﺮ”fi“ﻳﺎﻥ ﻳﻮﻧﻲ ﺮﺟﺍﺛﺮ ﻣﻘﺎﻳﺴﻪ 
 ﺁﻥ ﻗﺒﻞ ﻭ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﺯ  ﻗﻠﺐ ﺧﺮﮔﻮﺵ  ﺩﻫﻠﻴﺰﻱ-ﺳﻴﻨﻮﺳﻲ
 
 ٣ ﻭ ﺩﻛﺘﺮ ﻫﺎﺩﻱ ﻓﺘﺤﻲ ﻣﻘﺪﻡ٢ﻮﺭ ﻣﺎﺭﻙ ﺭﻳﭽﺎﺭﺩ ﺑﻮﻳﺖ، ﭘﺮﻭﻓﺴ١ﺩﻛﺘﺮ ﻣﺤﻤﺪﺭﺿﺎ ﻧﻴﻜﻤﺮﺍﻡ
 
 ﺧﻼﺻﻪ
 ﻣﻴﻠﻲ ﻣﻮﻻﺭ  ٢ ﺗﻮﺳﻂ  noitaziraloprepyh detavitca   tnerruc ﻳﺎ ”fi“ﺑﺮ ﺍﺳﺎﺱ ﻣﻄﺎﻟﻌﺎﺕ ﺍﻧﺠﺎﻡ ﺷﺪﻩ ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ 
ﺳﺰﻳﻢ ﻣﺴﺪﻭﺩ ﻣﯽ ﺷﻮﺩ ﻭ ﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺷﺪﻩ ﻛﻪ ﺟﺮﻳﺎﻥ ﻣﺬﻛﻮﺭ ﺩﺭ ﻧﺎﺣﻴﻪ ﻣﺮﻛﺰﻱ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ـ ﺩﻫﻠﻴﺰﻱ 
 ﺍﻫﻤﻴﺖ ﺗﺮ   ﻧﻘﺶ ﺍﻧﺪﻛﻲ ﺩﺍﺷﺘﻪ ﺍﻣﺎ ﺍﻳﻦ ﻧﻘﺶ ﺩﺭﻧﺎﺣﻴﻪ  ﻣﺤﻴﻄﻲ ﮔﺮﻩ ﺑﺎ ﺩﺳﺖ ﻧﺨﻮﺭﺩﻩ ﻭ ﺳﺎﻟﻢ 
 -ﺸﺎﻥ ﺩﺍﺩﻩ ﺍﻧﺪ ﺍﮔﺮ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﻃﺮﺍﻑ ﮔﺮﻩ  ﺍﺯ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ  ﻧ ﺍﺯ ﻃﺮﻓﻲ ﺑﻌﻀﻲ ﺍﺯ ﻣﺤﻘﻘﻴﻦ . ﻣﻲ ﺑﺎﺷﺪ 
ﺩﻫﻠﻴﺰﻱ ﺟﺪﺍ ﮔﺮﺩﺩ ﭘﻴﺲ ﻣﻴﻜﺮ ﺭﻫﺒﺮﻱ ﻛﻨﻨﺪﻩ ﺍﺯ ﻧﺎﺣﻴﻪ ﻣﺮﻛﺰﻱ ﺑﻪ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ  ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ  ﺩﻫﻠﻴﺰﻱ 
ﻋﻠﺖ ﺍﻳﻦ ﭘﺪﻳﺪﻩ ﻣﻤﻜﻦ ﺍﺳﺖ ﺑﺎ ﻗﻄﻊ ﺟﺮﻳﺎﻥ .   ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ ﺍﻓﺰﺍﻳﺶ ﻣﻲ ﻳﺎﺑﺪ ﻣﻨﺘﻘﻞ ﺷﺪﻩ ﻭ ﻣﻘﺪﺍﺭ 
ﺩﺭ . ﻫﻴﭙﺮﭘﻮﻻﺭﻳﺰﻩ ﻛﻨﻨﺪﻩ ﺍﺯ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺑﻪ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ـ ﺩﻫﻠﻴﺰﻱ ﺗﻮﺿﻴﺢ ﺩﺍﺩﻩ ﺷﻮﺩ 
ﺑﺎ ﻣﺴﺪﻭﺩ ﻛﺮﺩﻥ ﺟﺮﻳﺎﻥ ﻣﺬﻛﻮﺭ ﺑﺎ ﺳﺰﻳﻢ ﻣﻮﺭﺩ ﺍﺭﺯﻳﺎﺑﻲ ﻗﺮﺍﺭ   ﺩﺭﺍﻳﻦ ﻣﻮﺿﻮﻉ ”fi“ﺑﺮﺭﺳﻲ ﺣﺎﺿﺮ ﻧﻘﺶ ﺟﺮﻳﺎﻥ 
  ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ ٢ﺗﻮﺳﻂ  ”fi“ﻣﺴﺪﻭﺩ ﻛﺮﺩﻥ ﺟﺮﻳﺎﻥ  ﺍﺯ ﮔﺮﻩ، ﻗﺒﻞ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ . ﮔﺮﻓﺖ
ﺣﺎﻟﻲ ﻛﻪ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ   ﺩﺭﺻﺪ ﺷﺪ ﺩﺭ ٣١±٢  ﻣﻴﺰﺍﻥ ﺑﻪ( etaR)ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ  ﻣﻮﺟﺐ ﻛﺎﻫﺶ ﺿﺮﺑﺎﻥ 
ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ  ﻣﻮﺟﺐ ﻛﺎﻫﺶ   ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ ٢ ،ﺩﻫﻠﻴﺰﻱ -ﺍﺯ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ  ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ 
ﺟﺎﻳﮕﺎﻩ ﭘﻴﺲ ﻣﻴﻜﺮﻱ ﺍﺯ ﺍﻧﺘﻘﺎﻝ ﻭﺳﻴﻠﻪ ﻪ ﺍﻳﻦ ﻣﻮﺿﻮﻉ ﺍﮔﺮ ﭼﻪ ﻣﻲ ﺗﻮﺍﻧﺪ ﺑ .  ﺩﺭﺻﺪ ﺷﺪ ٠٢±٤  ﻣﻴﺰﺍﻥ ﺑﻪ(  etaR)
ﻭﺟﻮﺩ ﺩﺍﺭﺩ ﻛﻪ ﺍﻓﺰﺍﻳﺶ ﺩﺭ ﻣﻴﺰﺍﻥ  ﻧﺎﺣﻴﻪ ﻣﺮﻛﺰﻱ ﺑﻪ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ ﺗﻮﺿﻴﺢ ﺩﺍﺩﻩ ﺷﻮﺩ ﻭﻟﻲ ﺍﻳﻦ ﺍﺣﺘﻤﺎﻝ ﻧﻴﺰ 
ﻄﻲ ﻴﻧﺎﺣﻴﻪ ﻣﺤ  ﺩﺭ ”fi“ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩ ﺑﺨﻮﺩﻱ ﺑﻌﺪ ﺍﺯ ﻗﻄﻊ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﻧﺘﻴﺠﻪ ﻧﻘﺶ ﺑﺎ ﺍﻫﻤﻴﺖ ﺗﺮﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ 
 .ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ـ ﺩﻫﻠﻴﺰﻱ ﺑﺎﺷﺪ
 
 ، ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ـ ﺩﻫﻠﻴﺰﻱ، ﺳﺰﻳﻢ، ﻃﻮﻝ ﺩﻭﺭﻩ، ﻣﻴﺰﺍﻥ ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ”fi“ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ  :ﻭﺍﮊﻩ ﻫﺎﻱ ﻛﻠﻴﺪﻱ
 
 اﺳﺘﺎدﯾﺎر ﻓﯿﺰﯾﻮﻟﻮژی، داﻧﺸﮕﺎه ﻋﻠﻮم-3، داﻧﺸﮕﺎه ﻟﯿﺪز، اﻧﮕﻠﺴﺘﺎن ـ ﭘﺮوﻓﺴﻮر ﻓﯿﺰﯾﻮﻟﻮژی 2ـ اﺳﺘﺎدﯾﺎر ﻓﯿﺰﯾﻮﻟﻮژی، داﻧﺸﮕﺎه ﻋﻠﻮم ﭘﺰﺷﮑﯽ و ﺧﺪﻣﺎت ﺑﻬﺪاﺷﺘﯽ ـ درﻣﺎﻧﯽ اﯾﺮان 1
 ﭘﺰﺷﮑﯽ و ﺧﺪﻣﺎت ﺑﻬﺪاﺷﺘﯽ ـ درﻣﺎﻧﯽ اﻫﻮاز
 
 ﻴﻜﻤﺮﺍﻡ ﻭ ﻫﻤﻜﺎﺭﺍﻥﻧ               ...                                                 ﺑﺮ ﻣﻴﺰﺍﻥ ﺿﺮﺑﺎﻥ ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ ﻭfi ﻣﻘﺎﻳﺴﻪ ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ 
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 ﻣﻘﺪﻣﻪ
 ﻧﺸﺎﻥ ﺩﺍﺩﻧﺪ ﻛﻪ ٧٨٩١ ﻭ ﻫﻤﻜﺎﺭﺍﻥ ﺩﺭ ﺳﺎﻝ fohhcriK 
ﺩﻫﻠﻴﺰﻱ  -ﺍﮔﺮ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﻃﺮﺍﻑ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ 
ﻣﻴﻜﺮﻱ ﺭﻫﺒﺮﻱ ﻛﻨﻨﺪﻩ ﻳﺎ ﺍﺻﻠﻲ ﺑﺮﺩﺍﺷﺘﻪ ﺷﻮﺩ، ﺟﺎﻳﮕﺎﻩ ﭘﻴﺲ 
 ﮔﺮﻩ ﻣﻨﺘﻘﻞ ﻳﺎ ﺟﺎﺑﺠﺎ ﻣﻲ ﻲﻣﺤﻴﻄﻧﺎﺣﻴﻪ  ﺑﻪ ﻱﻣﺮﻛﺰﻧﺎﺣﻴﻪ ﺍﺯ 
 ﻮﺩﻱ ﺨﺑ  ﺍﻓﺰﺍﻳﺶ ﺩﺭ ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩ ﻣﻮﺟﺐﺷﻮﺩ ﻛﻪ ﺍﻳﻦ ﺍﻣﺮ 
 ﻣﻲ ﺗﻮﺍﻧﺪ ﺗﻮﺳﻂ  ﻣﺬﻛﻮﺭ ﭘﺪﻳﺪﻩ .(۰۱ )ﺩﺩﮔﺮ ﻣﻲ ﺁﻥ (etaR)
 ﻫﻴﭙﺮ ﭘﻮﻻﺭﻳﺰﻩ ﻛﻨﻨﺪﻩ ﻛﻪ ﺩﺭ ﻧﻴﻚﺗﻮﻛﺎﻫﺶ ﺟﺮﻳﺎﻥ ﺍﻟﻜﺘﺮﻭ 
 ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ ﮔﺮﻩ ﺑﻪ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ  ﺍﺯﺣﺎﻟﺖ ﻃﺒﻴﻌﻲ 
ﻣﻮﺟﺐ ﻣﺤﺪﻭﺩ ﻛﺮﺩﻥ  ﺟﺎﺭﻱ ﺑﻮﺩﻩ ﻭ ﺩﻫﻠﻴﺰﻱ  - ﺳﻴﻨﻮﺳﻲ
 ﺩﻟﻴﻞﻭ ﺍﻛﻨﻮﻥ ﺑﻪ )ﺑﺎﺷﺪ  ﻓﻌﺎﻟﻴﺖ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ ﮔﺮﻩ ﻣﻲ 
( ﺟﺪﺍﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﻳﻦ ﺟﺮﻳﺎﻥ ﻗﻄﻊ ﮔﺮﺩﻳﺪﻩ ﺍﺳﺖ 
ﻫﺎﻱ ﻗﻠﺒﻲ ﭘﺴﺘﺎﻧﺪﺍﺭﺍﻥ   ﺗﻮﺿﻴﺢ ﺍﻳﻨﻜﻪ ﺳﻠﻮﻝ .ﺩﮔﺮﺩﺗﻮﺟﻴﻪ 
ﻫﻢ ﻣﺘﺼﻞ ﺑﻮﺩﻩ  ﺑﺎ(  ﻣﻘﺎﻭﻣﺖ ﻛﻢ ﺎﺑ)ﺗﻮﺳﻂ ﺍﺗﺼﺎﻻﺕ ﺷﻜﺎﻓﻲ 
ﺷﻮﺩ ﻓﻌﺎﻟﻴﺖ ﺍﻟﻜﺘﺮﻳﻜﻲ ﺑﻴﻦ   ﺍﻳﻦ ﻭﺿﻌﻴﺖ ﻣﻮﺟﺐ ﻣﻲ ﻭ
ﻫﺎ ﺑﺮﻗﺮﺍﺭ ﮔﺮﺩﻳﺪﻩ ﻭ ﺩﺭ ﻧﺘﻴﺠﻪ ﻳﻚ ﺟﺮﻳﺎﻥ ﺍﻟﻜﺘﺮﻳﻜﻲ  ﺳﻠﻮﻝ
ﻫﻴﭙﺮﭘﻮﻻﺭﻳﺰﻩ ﻛﻨﻨﺪﻩ ﺍﺯ ﺳﻠﻮﻟﻲ ﻛﻪ ﭘﺘﺎﻧﺴﻴﻞ ﺩﻳﺎﺳﺘﻮﻟﻴﻚ ﺁﻥ 
ﺗﺮ ﺍﺳﺖ ﺑﻪ ﺳﻮﻱ ﺳﻠﻮﻝ ﺩﻳﮕﺮﻱ ﻛﻪ ﭘﺘﺎﻧﺴﻴﻞ  ﻣﻨﻔﻲ
ﺟﺮﻳﺎﻥ . ﺩﻳﺎﺳﺘﻮﻟﻴﻚ ﺁﻥ ﻛﻤﺘﺮ ﻣﻨﻔﻲ ﺍﺳﺖ ﺟﺎﺭﻱ ﮔﺮﺩﺩ 
ﺪﻩ ﻣﺬﻛﻮﺭ ﻣﻲ ﺗﻮﺍﻧﺪ ﺗﺤﺮﻳﻚ ﺍﻟﻜﺘﺮﻳﻜﻲ ﻫﻴﭙﺮﭘﻮﻻﺭﻳﺰﻩ ﻛﻨﻨ 
 ﭘﺬﻳﺮﻱ ﻭﻓﻌﺎﻟﻴﺖ ﭘﻴﺲ ﻣﻴﻜﺮﻱ ﺭﺍ ﺗﺤﺖ ﺗﺎﺛﻴﺮ ﻗﺮﺍﺭ ﺩﻫﺪ 
  ﺩﺭ ﻓﻌﺎﻟﻴﺖ ﺫﺍﺗﻲ ﭘﻴﺲ ﻣﻴﻜﺮﻱ ﺍﺯ ﺁﻧﺠﺎ ﻛﻪ (. ١،٣،٥،٨،٩،٠٢)
 ﺑﺰﺭﮔﺘﺮ ﺍﺯ ﻧﺎﺣﻴﻪ ﻱﺰﺩﻫﻠﻴـ  ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ 
 ﺑﻌﺪ ﺍﺯ ﻗﻄﻊ ﺟﺮﻳﺎﻥ  ﺑﻨﺎﺑﺮﺍﻳﻦ (٢١،٣١)  ﻣﻲ ﺑﺎﺷﺪ ﻣﺮﻛﺰﻱ
 ﻣﺤﻴﻄﻲ ﻧﺎﺣﻴﻪ  ، ﻣﺬﻛﻮﺭ ﻧﻴﻚ ﻫﻴﭙﺮﭘﻮﻻﺭﻳﺰﻩ ﻛﻨﻨﺪﻩ ﺗﻮﺍﻟﻜﺘﺮﻭ
 .ﻓﻌﺎﻟﻴﺖ ﭘﻴﺲ ﻣﻴﻜﺮﻱ ﺭﺍ ﺩﺭ ﺩﺳﺖ ﻣﻲ ﮔﻴﺮﺩ
 ﺑﺎ  ﻭ ﺳﺎﻟﻢ ﺩﻫﻠﻴﺰﻱ ﺩﺳﺖ ﻧﺨﻮﺭﺩﻩ  -ﺩﺭ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ 
 ،(etaR)ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ  ”fi“ ﻳﻮﻧﻲ ﻣﺴﺪﻭﺩ ﻛﺮﺩﻥ ﺟﺮﻳﺎﻥ
ﺍﻧﻌﻜﺎﺳﻲ ﺍﺯ ﻣﺴﺪﻭﺩ ﻛﺮﺩﻥ ﺍﻳﻦ ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ ﺩﺭ ﺟﺎﻳﮕﺎﻩ 
ﻧﺎﺣﻴﻪ ﭘﻴﺲ ﻣﻴﻜﺮﻱ ﺭﻫﺒﺮﻱ ﻛﻨﻨﺪﻩ ﻳﺎ ﺍﺻﻠﻲ ﻳﻌﻨﻲ ﻫﻤﺎﻥ 
ﺍﻣﺎ . ﺖﺍﺳ ﻱ ﺩﺭ ﺣﺎﻟﺖ ﻃﺒﻴﻌﻲ ﺰﺩﻫﻠﻴ -ﻱ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﻣﺮﻛﺰ
ﺑﻌﺪ ﺍﺯ ﻗﻄﻊ ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﻭ ﺣﺬﻑ ﺍﺛﺮ 
 ﻭ ﺷﻴﻔﺖ ﺧﺎﺻﻴﺖ ﭘﻴﺲ ﻧﻴﻚ ﻫﻴﭙﺮﭘﻮﻻﺭﻳﺰﻩ ﻛﻨﻨﺪﻩ ﺗﻮﺍﻟﻜﺘﺮﻭ
ـ  ﻣﺤﻴﻄﻲ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﻫﺒﺮﻱ ﻛﻨﻨﺪﻩ ﺑﻪ ﻧﺎﺣﻴﻪ ﺭ ﻣﻴﻜﺮﻱ
ﮔﺮﻩ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ ﺩﺭ  ”fi“ﮔﺮ ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ ، ﺍ ﻱﺰﺩﻫﻠﻴ
ﺍﺯ  ﻣﺴﺎﻭﻱ ﻭ ﻳﺎ ﺑﻴﺸﺘﺮ ، ﻧﻘﺸﻲ ﻛﻤﺘﺮ ﺩﻫﻠﻴﺰﻱـ  ﺳﻴﻨﻮﺳﻲ
 ﺑﺎ ،ﺩﻫﻠﻴﺰﻱ ﺩﺍﺷﺘﻪ ﺑﺎﺷﺪ ـ ﻧﺎﺣﻴﻪ ﻣﺮﻛﺰﻱ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ 
( etaR)ﻣﺴﺪﻭﺩ ﻛﺮﺩﻥ ﺟﺮﻳﺎﻥ ﻣﺬﻛﻮﺭ ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ 
 ﻋﺒﺎﺭﺕ ﺩﻳﮕﺮ ﺍﮔﺮ ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ ﻪ ﺑ.  ﻫﻢ ﺗﻐﻴﻴﺮ ﺧﻮﺍﻫﺪ ﻛﺮﺩ 
ﺩﺭ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ ﮔﺮﻩ ﻏﺎﻳﺐ ﺑﺎﺷﺪ ﺩﺭ ﺁﻥ ﺻﻮﺭﺕ  ”fi“
ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ (  etaR)ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ 
ﻳﻌﻨﻲ ﭘﻴﺶ ﺍﺯ )  ﺑﺎ ﺣﺎﻟﺖ ﻛﻨﺘﺮﻝ ﺩﻫﻠﻴﺰﻱ ﻭ ﺩﺭ ﻣﻘﺎﻳﺴﻪ 
ﻳﻜﺴﺎﻥ ﺧﻮﺍﻫﺪ ﺑﻮﺩ ﻭﻟﻲ ﺍﮔﺮ ﺟﺮﻳﺎﻥ ( ﺟﺪﺍﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ 
ﺗﺮﻱ ﻫﻢ ﺩﺭ ﺧﺎﺻﻴﺖ ﭘﻴﺲ  ﻣﺬﻛﻮﺭ ﻣﻮﺟﻮﺩ ﺑﺎﺷﺪ ﻭ ﻧﻘﺶ ﻣﻬﻢ 
 ٢ﻣﻴﻜﺮﻱ ﺑﺎﺯﻱ ﻧﻤﺎﻳﺪ ﺍﻧﺘﻈﺎﺭ ﺍﻳﻦ ﺧﻮﺍﻫﺪ ﺑﻮﺩ ﻛﻪ ﺑﺎ ﻣﺼﺮﻑ 
 ﺑﻴﺸﺘﺮ ﺍﺯ etaR ”fi“ ﻳﻮﻧﻲ ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ ﻭ ﻣﻬﺎﺭ ﺟﺮﻳﺎﻥ 
ﻱ ﺑﻪ ﮔﺮﻩ ﻣﺘﺼﻞ ﺑﻮﺩﻩ ﻭ ﺯﻣﺎﻧﻲ ﺑﺎﺷﺪ ﻛﻪ ﻫﻨﻮﺯ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰ 
ﺑﺎﻟﻌﻜﺲ ﺍﮔﺮ ﺟﺮﻳﺎﻥ ﻣﺬﻛﻮﺭ ﻣﻮﺟﻮﺩ .  ﺍﺯ ﺁﻥ ﺟﺪﺍ ﻧﺸﺪﻩ ﺍﺳﺖ 
ـ  ﺑﺎﺷﺪ ﻭﻟﻲ ﺩﺭ ﻣﻘﺎﻳﺴﻪ ﺑﺎ ﻧﺎﺣﻴﻪ ﻣﺮﻛﺰﻱ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ 
ﺩﻫﻠﻴﺰﻱ ﻧﻘﺶ ﻛﻤﺘﺮﻱ ﺩﺭ ﺧﺎﺻﻴﺖ ﭘﻴﺲ ﻣﻴﻜﺮﻱ ﺑﺎﺯﻱ 
 ﻳﻮﻧﻲ ﺟﺮﻳﺎﻥﺍﻳﻦ ﻧﻤﺎﻳﺪ ﺍﻧﺘﻈﺎﺭ ﺍﻳﻦ ﺧﻮﺍﻫﺪ ﺑﻮﺩ ﻛﻪ ﻣﻬﺎﺭ 
 ﻛﻤﺘﺮ ﺍﺯ ﺯﻣﺎﻥ  ﻗﺒﻞ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ etaR ﻣﻘﺪﺍﺭ ﻛﺎﻫﺶ 
ﻪ ﭽﺮﺣﺎﻝ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍﻛﺮﺩﻥ ﻣﺎﻫﻴ  ﻫ ﺑﻪ. ﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺑﺎﺷﺪ ﻣ
ﻪ ﺑﺎﺷﺪ ﭼ ﻫﺮ etaR ﻢ ﻣﻴﺰﺍﻥ ﺩﻫﻠﻴﺰﻱ ﻭ ﺑﻜﺎﺭ ﮔﻴﺮﻱ ﺳﺰﻳ 
ﺩﺭ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ  ”fi“ﺍﻧﻌﻜﺎﺳﻲ ﺍﺯ ﻣﺴﺪﻭﺩ ﻛﺮﺩﻥ ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ 
 .ﺧﻮﺍﻫﺪ ﺑﻮﺩ ﺩﻫﻠﻴﺰﻱ -ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ
  noitaziraloprepyh–detavitca tnerruc ﻳﺎ ynnuF tnerruC  ﻳﺎ ”fi“ ﻧﻘﺶ ﺟﺮﻳﺎﻥ 
 ﻫﺎﻱ ﻗﻠﺒﻲ  ﻓﺎﺯ ﺷﻴﺐ ﭘﻴﺲ ﻣﻴﻜﺮﻱ ﺳﻠﻮﻝ ﺎﺩ ﺍﻳﺠﺩﺭ 
 ﺖ ﻛﻪ ﻣﻮﺭﺩ ﺗﻮﺟﻪ ﻣﺤﻘﻘﺎﻥ ﻗﺮﺍﺭﮔﺮﻓﺘﻪ ﺍﺳﺖ  ﻫﺎﺳ ﻣﺪﺕ
ﺍﻳﻦ ﺟﺮﻳﺎﻥ ﺗﻮﺳﻂ  ﺩﺍﺭﻭﻫﺎﻱ ﻣﺨﺘﻠﻔﻲ ﻧﻴﺰ (. ٢،٤،٦،٧،٧١،١٢)
ﻪ ﺑﻪ ﻃﻮﺭ ﮔﺴﺘﺮﺩﻩ  ﮐ ﺍﺯ ﺟﻤﻠﻪ ﻣﻮﺍﺩﻱ . ﻣﺴﺪﻭﺩ ﮔﺮﺩﻳﺪﻩ ﺍﺳﺖ 
ﺟﻬﺖ ﺑﻠﻮﻛﻪ ﻛﺮﺩﻥ ﺁﻥ ﺑﻪ ﻛﺎﺭ ﮔﺮﻓﺘﻪ ﻣﻲ ﺷﻮﺩ ﺳﺰﻳﻢ ﺑﺎ 
ﻫﺎﻱ  ﻘﺶ ﻣﻨﻄﻘﻪ ﺍﻱ ﺟﺮﻳﺎﻥ ﻧ.  ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﻣﻲ ﺑﺎﺷﺪ ٢ﻏﻠﻈﺖ 
 - ﺩﺭﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ   ”fi“ﻳﻮﻧﻲ ﻭ ﺍﺯ ﺟﻤﻠﻪ ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ 
ﺩﻫﻠﻴﺰﻱ ﻗﻠﺐ ﭘﺴﺘﺎﻧﺪﺍﺭﺍﻥ ﻭ ﺍﺯ ﺟﻤﻠﻪ ﺧﺮﮔﻮﺵ ﺩﺭ ﺩﻫﻪ ﺍﺧﻴﺮ 
. ( ٤١،٥١،٦١،٨١،١٢ )ﻣﻮﺭﺩ ﺗﻮﺟﻪ ﻣﺤﻘﻘﻴﻦ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻪ ﺍﺳﺖ 
 ﻣﺤﻴﻄﻲ ، ﺩﺭ ﻧﻮﺍﺣﻲ ﻣﺮﻛﺰﻱ ”fi“ﻧﻘﺶ ﻣﻨﻄﻘﻪ ﺍﻱ ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ 
 ﺩﺳﺖ ﻧﺨﻮﺭﺩﻩ ﻭ  ﺩﻫﻠﻴﺰﻱ ﺳﺎﻟﻢ ﻭ ـﻭ ﺑﻴﻨﺎﺑﻴﻨﻲ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ 
 -ﻫﺎﻱ ﻛﻮﭼﻚ ﺟﺪﺍ ﺷﺪﻩ ﺍﺯ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ  ﻫﻤﭽﻨﻴﻦ ﺩﺭ ﺗﻮﭖ 
 ﮔﺮﻓﺘﻪ ﺍﺳﺖ ﻭ ﺑﺮﺭﺳﯽ ﺗﻮﺟﻪ  ﻣﻮﺭﺩﻧﻴﺰ ﺩﻫﻠﻴﺰﻱ ﻗﻠﺐ 
ﻃﺮﻳﻖ   ﺍﺯ  ﻣﺬﻛﻮﺭ ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ ﻧﻘﺶ ﺟﺮﻳﺎﻥ  ﺩﺭ. (٠١،۵۱)
ﻭ  )htgnel elcyC(ﻃﻮﻝ ﺩﻭﺭﻩ ﭘﺘﺎﻧﺴﻴﻞ ﻋﻤﻞ ﮔﻴﺮﻱ  ﺍﻧﺪﺍﺯﻩ
 ﻗﺒﻞ ﻭ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ etaR()ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ  ﻣﻴﺰﺍﻥ 
ﺩﺭ ﺣﻀﻮﺭ ﻭ ﺩﺭ  ﺩﻫﻠﻴﺰﻱـ  ﻩ ﺳﻴﻨﻮﺳﻲﺮﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﺯ ﮔﻣﺎﻫﻴ
 .ﻣﻮﺭﺩ ﺑﺮﺭﺳﻲ ﻗﺮﺍﺭ ﮔﺮﻓﺖ ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ  ٢ﻏﻴﺎﺏ 
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 ﻛﺎﺭ  ﺭﻭﺵ ﻣﻮﺍﺩ ﻭ 
ﺧﺮﮔﻮﺵ ﻫﺎﻱ ﻧﻴﻮﺯﻟﻨﺪﻱ   :ﺁﻣﺎﺩﻩ ﺳﺎﺯﻱ ﻧﻤﻮﻧﻪ ﻫﺎ  ـ  ﺍﻟﻒ 
ﺳﺪﻳﻢ ، ﺑﺎ  ﻛﻴﻠﻮﮔﺮﻡ ٢ ﺗﺎ ١/٥ﺲ ﺑﺎ ﻭﺯﻥ ﻨﺍﺯ ﻫﺮ ﺩﻭ ﺟ 
 ( ﻛﻴﻠﻮﮔﺮﻡ ﻭﺯﻥ ﻫﺮﺀ  ﺍﺯﺍ ﺑﻪ ﻣﻴﻠﻲ ﮔﺮﻡ ٠٩)ﻴﺘﺎﻝﺑﭘﻨﺘﻮﺑﺎﺭ
ﺎﺑﻖ ﺭﻭﺷﻲ ﻛﻪ  ﻣﻄ  ﺁﻧﻬﺎ ﻮﻡﭘﺮﻳﻜﺎﺭﺩﻳﺳﭙﺲ  .ﻫﻮﺵ ﺷﺪﻧﺪ  ﺑﻲ
ﻭ ﻫﻤﻜﺎﺭﺍﻥ ﺑﻪ ﻛﺎﺭ  ollavraC  ed  seaPﺍﻭﻟﻴﻦ ﺑﺎﺭ ﺗﻮﺳﻂ 
 ﺷﻜﺎﻓﺘﻪ ﺷﺪﻩ ﻭ ﻗﻠﺐ  ﺩﺭ ﺣﺎﻝ ﺗﭙﺶ ﺍًﻮﺭ ﻓ (۰۲ )ﻩﮔﺮﻓﺘﻪ ﺷﺪ 
  ، ﻛﻪ ﺗﻮﺳﻂ ﺍﻛﺴﻴﮋﻥ ﺗﺎﺯﻩ edoryT  ﺩﺭ ﻣﺤﻠﻮﻝ  ﺎًﺳﺮﻳﻌ
ﺩﺭﺟﻪ  ٢٢) ﺍﻛﺴﻴﮋﻥ ﺭﺳﺎﻧﻲ ﻣﻲ ﺷﺪ ﺩﺭ ﺩﺭﺟﻪ ﺣﺮﺍﺭﺕ ﺍﺗﺎﻕ 
 ﺑﺮ ﺣﺴﺐ  edoryTﺤﻠﻮﻝ  ﻣ .ﺍﺩﻩ ﺷﺪ ﻗﺮﺍﺭ ﺩ ( ﺳﺎﻧﺘﻴﮕﺮﺍﺩ
 ١ ،3OCHaN ۰۲، lCaN ۳۹ﻣﻴﻠﯽ ﻣﻮﻝ ﺩﺭ ﻟﻴﺘﺮ ﺷﺎﻣﻞ 
 ﺳﺪﻳﻢ ﺍﺳﺘﺎﺕ ٠٢، 4OSgM ١ ، 2lCaC ٢ ،lCK ٥، 4OPH2aN
ﭘﺲ ﺍﺯ  .ﻭﺍﺣﺪ ﺍﻧﺴﻮﻟﻴﻦ  ﺍﺳﺖ  ٥ ﮔﻠﻮﮔﺰ ﺑﻪ ﺍﺿﺎﻓﻪ ٠١ﻭ 
ﻫﺎﻱ ﭼﺮﺑﻲ، ﻣﺎﻫﻴﭽﻪ  ﻫﺎ ﻭ ﺟﺪﺍ ﻛﺮﺩﻥ ﺑﺎﻓﺖ  ﺷﺴﺘﻦ ﺧﻮﻥ 
  ﻧﺪ ﻛﻪ ﺑﺎ ﺩﻫﻠﻴﺰ ﺭﺍﺳﺖ ﺑﺎﻗﻲ ﻣﻴﻤﺎ ﺗﻨﻬﺎ ﺑﻄﻨﻲ ﻭ ﺩﻫﻠﻴﺰ ﭼﭗ، 
ﮐﺎﺭﺩﯼ ﺁﻥ ﺗﺎ ﺳﻄﺢ ﺩﺍﺧﻠﻲ ﻳﺎ ﺍﻧﺪﻭ ﺷﺪ ﻗﻴﭽﻲ ﻣﺨﺼﻮﺹ ﺑﺎﺯ 
ﺗﻤﺎﻡ ﺩﺭﺍﻳﻦ ﻣﺮﺣﻠﻪ ﺑﺎ ﻇﺮﺍﻓﺖ . ﺩﺭ ﻣﻌﺮﺽ ﺩﻳﺪ ﻗﺮﺍﺭ ﮔﻴﺮﺩ 
ﺑﺎ ﻗﻄﻌﺎﺕ  ﺩﻫﻠﻴﺰ ﺭﺍﺳﺖ ﺭﺍ ﺩﺭ ﺯﻳﺮ ﻣﻴﻜﺮﻭﺳﻜﻮﭖ ﻧﻮﺭﻱ 
 ـ  ﺗﺎ ﺯﻣﺎﻧﻲ ﻛﻪ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﻩ ﺟﺪﺍ ﻛﺮﺩ ﻗﻴﭽﻲ ﻣﺨﺼﻮﺹ 
 ﻣﻴﻠﻲ ﻣﺘﺮ ٥١*٥١ﺁﻥ ﺑﺎ ﺍﺑﻌﺎﺩﻱ ﺩﺭ ﺣﺪﻭﺩ ﺩﻫﻠﻴﺰﻱ ﻭ ﺍﻃﺮﺍﻑ 
ـ ﺷﺎﻣﻞ ﺗﻤﺎﻡ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﺑﺎﻓﺖ ﺗﻬﻴﻪ ﺷﺪﻩ ﺍﻳﻦ . ﺎﻧﺪﻤﺑﺑﺎﻗﻲ 
 ﺩﻫﻠﻴﺰﻱ ﻭ ﻣﻘﺪﺍﺭﻱ ﺍﺯ ﺑﺎﻓﺖ ﻣﺎﻫﻴﭽﻪ ﺍﻱ ﺍﻃﺮﺍﻑ ﮔﺮﻩ 
ﺍﺗﺎﻗﻚ ﺁﻣﺎﺩﻩ ﺷﺪﻩ ﺑﻪ ﺑﺎﻓﺖ ﺠﺎ ﺑﻪ ﺑﻌﺪ ﺍﻳﻨﺍﺯ . ﺑﺎﺷﺪ ﻣﻲ
  ﺍﻟﻜﺘﺮﻳﻜﻲ ﻣﻨﺘﻘﻞ ﻭﺩﺭ ﻫﺎﻱ ﺎﻟﻴﺖﻌﺛﺒﺖ ﻓ ﺟﻬﺖ ﻣﻴﻨﻴﻮﻣﻲ ﻮﺁﻟ
 ﻓﻴﻜﺲ htab eussiT( )ﺩﺭﻭﻥ ﻇﺮﻑ ﺷﻴﺸﻪ ﺍﻱ ﻳﺎ ﺣﻤﺎﻡ ﺑﺎﻓﺘﻲ 
 (ﻣﻴﻠﻲ ﻟﻴﺘﺮ ﺩﺭ ﺩﻗﻴﻘﻪ ٤/٤edoryT ) ﻂ ﻣﺤﻠﻮﻝ ﺷﺪﻩ ﻭ ﺩﺍﺋﻤﺎً ﺗﻮﺳ 
 .ﺪﻳ ﺳﺎﻧﺘﻲ ﮔﺮﺍﺩ ﺗﻐﺬﻳﻪ ﻣﻲ ﮔﺮﺩ٢٣°ﺩﺭ ﺩﺭﺟﻪ ﺣﺮﺍﺭﺕ 
ﺍﺯ ﺁﻧﺠﺎ ﻛﻪ ﺛﺒﺖ ﻓﻌﺎﻟﻴﺖ ﻫﺎﻱ ﺍﻟﻜﺘﺮﻳﻜﻲ ﺑﻪ ﻣﺪﺕ 
  ﺻﻮﺭﺕ ﻣﻲ ﮔﺮﻓﺖ ﻭ ﻻﺯﻡ ( ﺳﺎﻋﺖ ٠١ﻴﺶ ﺍﺯ ﺑ)ﻃﻮﻻﻧﻲ 
ﺑﻮﺩ ﻛﻪ ﺷﺮﺍﻳﻂ ﭘﺎﻳﺪﺍﺭﻱ ﻭﺟﻮﺩ ﺩﺍﺷﺘﻪ ﺑﺎﺷﺪ ﺑﻨﺎﺑﺮﺍﻳﻦ ﺑﺮ ﺍﺳﺎﺱ 
 ٧٣°ﺟﻪ ﺣﺮﺍﺭﺕ  ﺑﺮ ﺩﺭ ٢٣°ﺗﺠﺎﺭﺏ ﻗﺒﻠﻲ ﺩﺭﺟﻪ ﺣﺮﺍﺭﺕ 
  .( ٣١)ﺗﺮﺟﻴﺢ ﺩﺍﺩﻩ ﺷﺪ
 ٥٩ﻣﺤﻠﻮﻝ ﻣﺬﻛﻮﺭ ﺑﺎ ( ٧/٤)  ﻣﻨﺎﺳﺐ Hpﻈﻮﺭ ﺍﻳﺠﺎﺩ ﻪ ﻣﻨ ﺑ
ﺗﻮﺳﻂ ﺗﻬﻮﻳﻪ ﻭ ﺑﻄﻮﺭ ﻣﺘﻨﺎﻭﺏ  2OC  ﺩﺭﺻﺪ ٥ ﻭ 2Oﺩﺭﺻﺪ 
 .ﮔﺮﺩﻳﺪﻣﻲ ﻭ ﺗﺠﺪﻳﺪ  ﺗﺨﻠﻴﻪ ﺍﺯ ﺣﻤﺎﻡ ﺑﺎﻓﺘﻲ ﻣﺨﺼﻮﺹ ﭘﻤﭗ 
ﺛﺒﺖ ﺍﻟﻜﺘﺮﻳﻜﻲ ﺍﺯ  ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﺩﻫﻠﻴﺰﻱ ﺩﺳﺖ  ـ ﺏ
 :ﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ  ﻣ ٢ﻫﻨﮕﺎﻡ ﻣﺼﺮﻑ ﻭ ﻗﺒﻞ  ﺩﺭ ﻧﺨﻮﺭﺩﻩ ﻭ ﺳﺎﻟﻢ 
 ﺛﺒﺖ ﻓﻌﺎﻟﻴﺖ ﺍﻟﻜﺘﺮﻳﻜﻲ ﮔﺮﻩ ﺍﻧﺠﺎﻡ ،ﻛﻨﺘﺮﻝ ﻋﻨﻮﺍﻥﻪ ﺘﺪﺍ ﻭ ﺑ ﺍﺑ
 ٠٢  ﻣﺪﺕ   ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ ﺑﻪ ٢ﻭ ﺳﭙﺲ ﻧﻤﻮﻧﻪ ﺩﺭ ﻣﻌﺮﺽ 
 ﺛﺒﺖ . ﺛﺒﺖ ﺍﻧﺠﺎﻡ ﻣﻲ ﺷﺪ  ﺍًﺮﻓﺖ ﻭ ﻣﺠﺪﺩ ﮔ ﺩﻗﻴﻘﻪ ﻗﺮﺍﺭ ﻣﻲ 
ﺻﻮﺭﺕ ﺳﻄﺤﻲ ﻭ ﺑﻪ ﺭﻭﺵ ﺩﻭ ﻪ ﻓﻌﺎﻟﻴﺖ ﻫﺎﻱ ﺍﻟﻜﺘﺮﻳﻜﻲ ﺑ 
 ﺍﻟﻜﺘﺮﻭﺩ ﻛﻪ  ﻭ ﺗﻮﺳﻂ ﺩﻭ  )edortcele ecafrus ralopiB( ﻗﻄﺒﻲ
ﻣﻨﻈﻮﺭ ﻪ  ﺑ )silanimret atsirC(ﻳﻜﻲ ﺩﺭ ﻧﺎﺣﻴﻪ ﺳﺘﻴﻎ ﺍﻧﺘﻬﺎﻳﻲ 
 ﻫﺎﻱ ﻣﺮﺟﻊ ﻭ ﺩﻳﮕﺮﻱ ﺟﻬﺖ ﺛﺒﺖ  ﺛﺒﺖ ﺳﻴﮕﻨﺎﻝ 
ﻧﻮﺍﺣﻲ ﻣﺤﻴﻄﻲ ﻳﺎ ﻣﺮﻛﺰﻱ ﻗﺮﺍﺭ ﺩﺍﺩﻩ ﺩﺭ ﭘﺘﺎﻧﺴﻴﻞ ﻫﺎﻱ ﻋﻤﻞ 
 ﺗﻮﺳﻂ ﺍﻟﻜﺘﺮﻭﺩﻫﺎﻱ ﻣﺬﻛﻮﺭ . ﻣﻲ ﺷﺪ ﺍﻧﺠﺎﻡ ﻣﻲ ﮔﺮﻓﺖ 
 ﺗﻬﻴﻪ )KU ,enruobgnap( stnemurtsni lacidemortcelE kralC
 reifilpma CAﻓﻌﺎﻟﻴﺖ ﻫﺎﻱ ﺍﻟﻜﺘﺮﻳﻜﻲ ﺗﻮﺳﻂ . ﺑﻮﺩﻧﺪﺷﺪﻩ 
ﺑﺮﺍﺑﺮ ﺑﺰﺭﮒ ﻣﻲ ﺷﺪ ﻭ ﺳﭙﺲ ٠٠٠١  ﺗﺎ )ASU ,057 ledoM(
  srires 0062 dluoG( ، ﺑﺮ ﺻﻔﺤﻪ ﺷﻄﺮﻧﺠﻲ ﻗﻠﻢ ﺛﺒﺎﺕ ﻣﺪﻝ 
   . ﺛﺒﺖ ﻣﻲ ﮔﺮﺩﻳﺪ  )ASU
 ﺍﺯ  )htgnel elcyC( ﻋﻤﻞ ﭘﺘﺎﻧﺴﻴﻞﺩﻭﺭﻩ ﻳﻚ ﻃﻮﻝ 
. ﻣﺪﺑﺪﺳﺖ ﺁ ﭘﺘﺎﻧﺴﻴﻞ ﻋﻤﻞ  ﻗﻠﻪ ﺩﻭﺑﻴﻦ  ﺯﻣﺎﻥ ﺍﻧﺪﺍﺯﻩ ﮔﻴﺮﯼ 
 ﺎﻝ ﺘ ﻛﻪ ﺗﺒﺪﻳﻞ ﻛﻨﻨﺪﻩ ﺁﻧﺎﻟﻮﮒ ﺑﻪ ﺩﻳﮋﻳ 1041DECﺩﺳﺘﮕﺎﻩ 
 ﺗﺎ ﺯﻣﺎﻥ ﻣﺬﮐﻮﺭ ﺭﺍ ﺑﻪ ﺷﺪﻣﻲ ﺑﺎﺷﺪ ﺩﺭ ﻣﺴﻴﺮ ﻗﺮﺍﺭ ﺩﺍﺩﻩ 
 . ﺻﻮﺭﺕ ﺍﺭﻗﺎﻡ ﻧﺸﺎﻥ ﺩﻫﺪ
 ﻣﺎﻫﻴﭽﻪ  ﻗﻄﻊ ﺍﺯﺑﻌﺪ ﺍﺯ ﮔﺮﻩ ﺛﺒﺖ ﻓﻌﺎﻟﻴﺖ ﺍﻟﻜﺘﺮﻳﻜﻲ  ـ ﺝ
ﺑﻌﺪ ﺍﺯ :  ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ ٢ﻫﻨﮕﺎﻡ ﻣﺼﺮﻑ  ﻭ ﻗﺒﻞ  ﺩﺭ ﺩﻫﻠﻴﺰﻱ
 ﻣﺎﻫﻴﭽﻪ ،ﺭﻭﺵ ﺍﻭﻝ  ﺭﺮﻳﻜﻲ ﺩ ﺘﺛﺒﺖ ﻓﻌﺎﻟﻴﺖ ﻫﺎﻱ ﺍﻟﻜ ﺍﺗﻤﺎﻡ 
ﺗﻮﺳﻂ ﻗﻴﭽﻲ ﺟﺪﺍ  ،  ﺳﻴﻨﻮﺳﻲ ﺩﻫﻠﻴﺰﻱ ﻩﺩﻫﻠﻴﺰﻱ ﺍﻃﺮﺍﻑ ﮔﺮ 
 ﺵﺑﺮﻴﻎ ﺍﻧﺘﻬﺎﻳﻲ ﺘﺳ ﺩﺭ ﻃﻮﻝ ﺷﺪﻩ ﺗﻬﻴﻪ ﺑﺎﻓﺖ ﭙﺲ ﺳﻩ ﻭ ﺷﺪ
 ﺩﻗﻴﻘﻪ ﻓﺮﺻﺖ ٠٣ ﺗﺎ ٠٢ﺣﺪﻭﺩ ﻫﺎ  ﺑﺮﺵﺑﻪ .  ﻣﯽ ﺷﺪ ﺩﺍﺩﻩ
ﺳﭙﺲ ﺛﺒﺖ ﻩ ﻭ ﺟﻬﺖ ﺑﺎﺯﻳﺎﺑﻲ ﻓﻌﺎﻟﻴﺖ ﺍﻟﻜﺘﺮﻳﻜﻲ ﺩﺍﺩﻩ ﺷﺪ 
. ﺪﻴ ﺑﻪ ﺍﻧﺠﺎﻡ ﻣﻲ ﺭﺳ  ﺑﻪ ﺻﻮﺭﺕ ﺧﺎﺭﺝ ﺳﻠﻮﻟﻲ ﭘﺘﺎﻧﺴﻴﻞ ﻋﻤﻞ 
 ﻞ ﻭ ﻓﻌﺎﻟﻴﺖ ﺍﻟﻜﺘﺮﻳﻜﻲ ﺩﺭ ﻗﺒ  ﻗﺒﻞ ﻣﺎﻧﻨﺪ ﺣﺎﻟﺖ ﺭ ﺍﻳﻨﺠﺎ ﻧﻴﺰ ﺩ
 .ﺛﺒﺖ ﻣﻲ ﺷﺪ ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ ٢ ﺎﺩﻩﻔﻫﻨﮕﺎﻡ ﺍﺳﺘ
ﻣﻘﺪﺍﺭ ﺿﺮﺑﺎﻥ ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩ ﺑﺨﻮﺩﻱ  : ﻣﺤﺎﺳﺒﺎﺕ ﺁﻣﺎﺭﻱ ـﺩ
 ۱ﻋﺪﺩ ﻛﺎﺭ  ﺑﺮﺍﻱ ﺍﻳﻦ . ﺷﺪ  ﺑﺮ ﺣﺴﺐ ﻫﺮﺗﺰ ﻣﺤﺎﺳﺒﻪ etaR ﻳﺎ
 ﻃﻮﻝ ﺩﻭﺭﻩ ﭘﺘﺎﻧﺴﻴﻞ ﻋﻤﻞ ﻛﻪ ﺑﺮ ﺣﺴﺐ ﻫﺰﺍﺭﻡ ﺛﺎﻧﻴﻪ ﺑﺮ 
 .ﺪﻳ ﺑﺮ ﺣﺴﺐ ﻫﺮﺗﺰ ﺑﺪﺳﺖ ﺁetaRﻣﻲ ﺷﺪ ﺗﺎ ﻣﻲ ﺑﺎﺷﺪ ﺗﻘﺴﻴﻢ 
ﺩﺭﺻﺪﻫﺎﻱ ﺍﻓﺰﺍﻳﺶ ﻭ ﻳﺎ ﻛﺎﻫﺶ ﻧﻴﺰ ﺑﺎ ﺗﻔﺮﻳﻖ ﻣﻘﺪﺍﺭ 
ﻭ ﺗﻘﺴﻴﻢ ﺁﻥ ﺑﻪ ﻣﻘﺪﺍﺭ ﺍﻭﻟﻴﻪ ( ﻳﺎ ﻛﻨﺘﺮﻝ )ﻧﻬﺎﻳﻲ ﺍﺯ ﻣﻘﺪﺍﺭ ﺍﻭﻟﻴﻪ 
ﻣﻘﺎﺩﻳﺮ ﻣﻨﻔﯽ ﺩﺭﺻﺪ .  ﻣﺤﺎﺳﺒﻪ ﮔﺮﺩﻳﺪ ٠٠١ﺩﺭ ﻋﺪﺩ ﻭ ﺿﺮﺏ 
 . ﮐﺎﻫﺶ ﻭ ﻣﻘﺎﺩﻳﺮ ﻣﺜﺒﺖ ﺩﺭﺻﺪ ﺍﻓﺰﺍﻳﺶ ﺭﺍ ﻧﺸﺎﻥ ﻣﯽ ﺩﻫﺪ
   ﻫﺎ  ﺧﻄﺎﻱ ﻣﻌﻴﺎﺭ ﻣﻴﺎﻧﮕﻴﻦ ﮕﻴﻦ ﻭ ﻣﻴﺎﻧ ،٦ﺗﻌﺪﺍﺩ ﻧﻤﻮﻧﻪ ﻫﺎ 
ﺍﻧﺪﺍﺯﻩ ﮔﻴﺮﻱ   LLECXE ﻭ TATSCﺗﻮﺳﻂ ﻧﺮﻡ ﺍﻓﺰﺍﺭ  )sMES(
 ﻴﻜﻤﺮﺍﻡ ﻭ ﻫﻤﻜﺎﺭﺍﻥﻧ                                                              ...  ﺑﺮ ﻣﻴﺰﺍﻥ ﺿﺮﺑﺎﻥ ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ ﻭfi ﻣﻘﺎﻳﺴﻪ ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ 
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ﻫﺎ ﺑﻪ ﻛﺎﺭ   ﺑﺮﺭﺳﻲ ﺗﻔﺎﻭﺕ  ﺑﻪ ﻣﻨﻈﻮﺭ t deriap    tsetﺗﺴﺖ  ﻭ
 .ﻣﻨﻈﻮﺭ ﮔﺮﺩﻳﺪ<P ۰/۵۰ﺳﻄﺢ ﻣﻌﻨﻲ ﺩﺍﺭﻱ  .ﮔﺮﻓﺘﻪ ﺷﺪﻧﺪ
 
 ﻧﺘﺎﻳﺞ  
 ﻱ ﻮﺩﺨﺩﺑﻮ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺑﺮ ﻓﻌﺎﻟﻴﺖ ﺧ ﺟﺪﺍ ﻛﺮﺩﻥ ﺍﺛﺮ : ﺍﻟﻒ 
ﺟﺪﺍ ﺩﺭ ﺷﺮﺍﻳﻂ ﻛﻨﺘﺮﻝ ﻭ ﻗﺒﻞ ﺍﺯ : ﺩﻫﻠﻴﺰﻱ ـﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ 
 ﻣﻘﺪﺍﺭ ﺩﻫﻠﻴﺰﻱ - ﺳﻴﻨﻮﺳﻲ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﺯﮔﺮﻩ ﻛﺮﺩﻥ 
ﺟﺪﺍ ﻛﻪ ﺑﻌﺪ ﺍﺯ  ﺩﺭ ﺣﺎﻟﻲ  . ﺑﻮﺩ ﻫﺮﺗﺰ ١/٧ ±۰/٠١ etaR
ﺍﻓﺰﺍﻳﺶ  ٢/٧١±٠/٤١ ﺍﻳﻦ ﻣﻘﺪﺍﺭ ﺑﻪ ﺩﻫﻠﻴﺰﻱ ﻣﺎﻫﻴﭽﻪ ﻛﺮﺩﻥ 
 ﺑﻮﺩﻩ ﻭ ( <P۰/۵۰) ﻛﺎﻣﻼً ﻣﻌﻨﻲ ﺩﺍﺭ ﺍﺧﺘﻼﻑ ﺍﻳﻦ . ﻳﺎﻓﺖ
ﻫﻤﺎﻧﻄﻮﺭ ﻛﻪ ﺍﺯ  . ﻲ ﺩﻫﺪ  ﺩﺭﺻﺪ ﺍﻓﺰﺍﻳﺶ ﺭﺍ ﻧﺸﺎﻥ ﻣ ٠٣± ٤
 ﻫﺰﺍﺭﻡ ﺛﺎﻧﻴﻪ ٧٩٥±٥٢   ﺍﺯ htgneL elcyC ﺑﺮ ﻣﻲ ﺁﻳﺪ ١Bﺷﻜﻞ
 ﻫﺰﺍﺭﻡ ﺛﺎﻧﻴﻪ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ ٨٦٤±٨٢ﺩﺭ ﻗﺒﻞ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ ﺑﻪ 
 ﺩﺭﺻﺪ ﺭﺍ  ٠٢ ±٧   ﺑﻪ ﻣﻴﺰﺍﻥ ﻛﺎﻫﺸﻲ  ﺗﻐﻴﻴﺮ ﻛﺮﺩﻩ ﻭ ﻛﺮﺩﻥ
( <P۰/۵۰)  ﻣﻌﻨﻲ ﺩﺍﺭ ﻼًﺍﻳﻦ ﻛﺎﻫﺶ ﻧﻴﺰ ﻛﺎﻣ . ﻧﺸﺎﻥ ﻣﻲ ﺩﻫﺪ 
 .ﺍﺳﺖ
 
  ـ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﺯ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ( ﺑﺮﺵ) ﺍﺛﺮ ﺟﺪﺍ ﻛﺮﺩﻥ   :١ﺷﻜﻞ 
  )B( .  ﻭ ﻃﻮﻝ ﺩﻭﺭﻩ ﭘﺘﺎﻧﺴﻴﻞ ﻋﻤﻞ(A ) ﺗﻌﺪادﺑﺮ  ﺩﻫﻠﻴﺰﻱ
 =n(۶)ﻣﻘﺎﻳﺴﻪ ﺑﻴﻦ ﻗﺒﻞ ﻭ ﺑﻌﺪ ﺍﺭ ﺟﺪﺍ ﮐﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﯼ ﺍﺯ ﮔﺮﻩ ﺍﺳﺖ  <P ۰/۵۰ *
 
ﺩﻫﻠﻴﺰﻱ  -ﻳﻢ ﺑﺮ ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﺰ ﺍﺛﺮ ﺳ -ﺏ
 ﺟﺪﺍ ﻛﺮﺩﻥ ﻗﺒﻞ ﺍﺯ   :ﻗﺒﻞ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﺯ ﺁﻥ 
 ١/٧±٠/١ ﺭﺍ ﺍﺯ etaR ﻳﻢﺰ ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳ ٢ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ، 
ﺍﻳﻦ . ﺩﺍﺩ ﻛﺎﻫﺶ ﻣﻲ ( ٢ﺷﻜﻞ) ﻫﺮﺗﺰ ١/٥±٠/١ ﺑﻪ ﻫﺮﺗﺰ
ﺩﺭ ﻋﻴﻦ . ﺷﺪﺑﺎﻣﻲ  (٣ﺷﻜﻞ)ﺩﺭﺻﺪ ٣١ ±٢ ﻣﺴﺎﻭﻱﻛﺎﻫﺶ 
 ﻣﺎﻫﻴﭽﻪ ﻮﻝ ﺩﻭﺭﻩ ﭘﺘﺎﻧﺴﻴﻞ ﻋﻤﻞ ﻗﺒﻞ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ ﻃﺣﺎﻝ 
  ﺍﺯ ﻲﻳﻢ ﺍﻓﺰﺍﻳﺸ ﺰﻻﺭ ﺳ ﻮ ﻣﻴﻠﻲ ﻣ ٢ ﻭ ﺩﺭ ﺣﻀﻮﺭ ﺩﻫﻠﻴﺰﻱ
ﺷﻜﻞ)ﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺍﺳﺖ   ﺭﺍ ﻫﺰﺍﺭﻡ ﺛﺎﻧﻴﻪ  ٤٩٦±/٢٤ ﺑﻪ ٧٩٥±٥٢
 .(٣ﺷﻜﻞ . ) ﺩﺭﺻﺪ ﺍﺳﺖ٦١±٣ ﺍﻳﻦ ﺗﻐﻴﻴﺮ ﻣﺴﺎﻭﻱ (. ٢
 ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ ﮔﺮﻩ ﻣﻴﺰﺍﻥ ﺿﺮﺑﺎﻥ ﻳﻢ ﺑﺮ ﺰﺍﺛﺮ ﺳ : ﺝ
ﺑﻌﺪ ﺍﺯ : ﺩﻫﻠﻴﺰﻱ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ   ـﺳﻴﻨﻮﺳﻲ 
  ﺑﺎﻋﺚ ﻳﻢﺰ ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳ ٢ﺩﻫﻠﻴﺰﻱ  ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺟﺪﺍ
ﺍﺳﺖ ﺷﺪﻩ  ﻫﺮﺗﺰ ١/٧±٠/١ﻪ ﺑ ٢/٧١ ±٠/٤١ ﺍﺯ etaRﻛﺎﻫﺶ 
  ﺩﺭﺻﺪ ﻛﺎﻫﺶ ﺩﺭ ٠٢±٤ ﻣﺴﺎﻭﻱ  ﺗﻐﻴﻴﺮ ﻛﻪ ﺍﻳﻦ ( ٢ﺷﻜﻞ )
 . ﺍﺳﺖ etaR
 
 ﻧﺴﯿﻞدوره ﭘﺘﺎ ﻭ ﻃﻮﻝ (A )ﺑﺮﺗﻌﺪﺍﺩ ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ ٢ﺍﺛﺮ   :٢ﺷﻜﻞ 
ﻣﺎﻫﻴﭽﻪ ( ﺑﺮﺵ) ﻭ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ  ﻗﺒﻞ  )B( ﻃﻮل دوره ﻋﻤﻞ 
ﺧﻄﺎﻱ ﻣﻌﻴﺎﺭ ± ﻣﻴﺎﻧﮕﻴﻦ ﻣﻘﺎﺩﻳﺮ . ﺩﻫﻠﻴﺰﻱ -ﻠﻴﺰﻱ ﺍﺯ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲﻫﺩ
 . =n( 6)ﻣﯽ ﺑﺎﺷﻨﺪ ﻴﺎﻧﮕﻴﻦ ﻣ
  ﺗﻔﺎﻭﺕ ﻣﻌﻨﯽ ﺩﺍﺭ ﺑﻴﻦ ﺗﻐﻴﻴﺮﺍﺕ ﻗﺒﻞ ﻭ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ ﮐﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﯼ<P ۰/ ۵۰ * 
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 ﻭ ﻃﻮﻝ ﺩﻭﺭﻩ ﭘﺘﺎﻧﺴﻴﻞ ﻋﻤﻞ   (A  )ﺗﻌﺪﺍﺩﺩﺭﺻﺪ ﺗﻐﻴﻴﺮ ﺩﺭ   :٣ﺷﻜﻞ 
(  ﺑﺮش ) ﮐﺮدن  ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ ﻗﺒﻞ ﻭ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ٢  ﺑﻮﺳﻴﻠﻪ )B(
ﺧﻄﺎﻱ  ±ﻣﻴﺎﻧﮕﻴﻦﻣﻘﺎﺩﻳﺮ   ﺩﻫﻠﻴﺰﻱ-ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﺯ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ
 ﻣﻌﻴﺎﺭ 
   ﺗﻌﺪﺍﺩ ﻧﻤﻮﻧﻪ=n 6  ﺩﺍﺩﻩ ﺷﺪﻩ ﺍﻧﺪ ﻣﻴﺎﻧﮕﻴﻦ ﻫﺎ
 (<P۰/۵۰) ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺑﻴﻦ ﺗﻐﻴﻴﺮﺍﺕ ﻗﺒﻞ ﻭ ﺑﻌﺪ ﺗﻔﺎﻭﺕ ﻣﻌﻨﻲ ﺩﺍﺭ    *
 
 
 elcyC ﺎﻋﺚ ﺍﻓﺰﺍﻳﺶ ﺑ  ﺳﺰﻳﻢ  ﺩﻫﻠﻴﺰﻱ  ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺟﺪﺍ
 (٣ﺷﻜﻞ ) ﺷﺪ  ﻫﺰﺍﺭﻡ ﺛﺎﻧﻴﻪ ٩٨٥ ±٣٣ﺑﻪ  ٨٦٤±٨٢  ﺍﺯ  htgnel
 .ﻣﻲ ﺑﺎﺷﺪ  ﺩﺭﺻﺪ ٧٢±٦ﻣﺴﺎﻭﻱ  ﻲﻓﺰﺍﻳﺸ ﺍﺍﻳﻦ 
 
   ﻭ ﻧﺘﻴﺠﻪ ﮔﻴﺮﻱ ﺑﺤﺚ
 - ﻲﺳﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﺯ ﮔﺮﻩ ﺳﻴﻨﻮ ﺟﺪﺍ ﻛ ﻗﺒﻞ ﺍﺯ 
 etaR( ) ﻓﻌﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ ﻣﻴﺰﺍﻥ ﺿﺮﺑﺎﻥ  ،ﺩﻫﻠﻴﺰﻱ
 )LC(ﻃﻮﻝ ﺩﻭﺭﻩ ﭘﺘﺎﻧﺴﻴﻞ ﻋﻤﻞ  ﻭ  ﻫﺰﺍﺭﻡ ﺛﺎﻧﻴﻪ ١/٧±٠/١ 
 ﺍﺯ ﻲ ﺍﻧﻌﻜﺎﺳ  ﻫﺮ ﺩﻭ  ﻫﺰﺍﺭﻡ ﺛﺎﻧﻴﻪ ﺍﺳﺖ ﻛﻪ ٧٩٥±٥٢ ﻣﺴﺎﻭﻱ
ﻫﺎﻱ ﭘﻴﺲ ﻣﻴﻜﺮﻱ ﺍﻭﻟﻴﻪ ﻳﺎ ﺍﺻﻠﻲ  ﺳﻠﻮﻝﺎﻟﻴﺖ ﺧﻮﺩﺑﺨﻮﺩﻱ ﻌﻓ
. ﺩﻫﻠﻴﺰﻱ ﻭﺍﻗﻌﻨﺪ  -  ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﻱﻣﺮﻛﺰﻧﺎﺣﻴﻪ ﺑﻮﺩﻩ ﻛﻪ ﺩﺭ 
 –ﻲﺳ ﺳﻴﻨﻮ  ﮔﺮﻩ ﻫﺎﻳﻲ ﻛﻪ ﺩﺭ ﻧﺎﺣﻴﻪ ﻣﺮﻛﺰﻱ  ﺳﻠﻮﻝﺯﻳﺮﺍ 
ﺑﺎ  ﺩﺭ ﻣﻘﺎﻳﺴﻪ ) ﻗﺮﺍﺭ ﺩﺍﺭﻧﺪ   ﺳﺎﻟﻢ ﻭ ﺩﺳﺖ ﻧﺨﻮﺭﺩﻩ ﺩﻫﻠﻴﺰﻱ
ﺎﺻﻠﻪ ﺩﺭ ﻓ ( ﮔﺮﻩ ﻭﺍﻗﻌﻨﺪ  ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ ﻫﺎﻳﻲ ﻛﻪ ﺩﺭ  ﺳﻠﻮﻝ
ﻛﻤﺘﺮ ﺗﺤﺖ ﺩﺭ ﻧﺘﻴﺠﻪ   ﻭ ﻨﺪﻗﻌﻭﺍﺯﻳﺎﺩﺗﺮﻱ ﺍﺯ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ 
ﻪ ﭽ  ﺍﻟﻘﺎ ﺷﺪﻩ ﺍﺯ ﻣﺎﻫﻴ  ﻫﻴﭙﺮﭘﻮﻻﺭﻳﺰﻩ ﻛﻨﻨﺪﻩ  ﺗﺎﺛﻴﺮ ﺟﺮﻳﺎﻥ 
 . ﺮﻧﺪﻣﻲ ﮔﻴ ﻗﺮﺍﺭ ﺩﻫﻠﻴﺰﻱ 
ﺩﻫﻠﻴﺰﻱ –ﺑﻌﺪ ﺍﺯ ﻗﻄﻊ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﺯ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ 
 ﻫﺰﺍﺭﻡ ٨٦٤±٨٢ ﺑﻪ LC  ﻭ  ﻫﺮﺗﺰ ٢/٧١±٠/٤١ ﺑﻪ etaRﻣﻘﺪﺍﺭ 
ﺍﻳﻦ ﻣﻮﺿﻮﻉ ﺍﻧﻌﻜﺎﺱ ﺩﻫﻨﺪﻩ ﻓﻌﺎﻟﻴﺖ . ﺛﺎﻧﻴﻪ ﺗﻐﻴﻴﺮ ﻳﺎﻓﺘﻪ ﺍﺳﺖ 
ﻫﻠﻴﺰﻱ ﺩ -ﻴﻜﺮﻱ ﺩﺭ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﭘﻴﺲ ﻣ 
 ﺯﻳﺮﺍ ﻓﻌﺎﻟﻴﺖ ﭘﻴﺲ ﻣﻴﻜﺮﻱ ﺭﻫﺒﺮﻱ ﻛﻨﻨﺪﻩ ﻳﺎ ﺍﺻﻠﻲ ﺍﺯ ،ﺍﺳﺖ
ﺩﻫﻠﻴﺰﻱ  -  ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﻲﻣﺤﻴﻄﻧﺎﺣﻴﻪ  ﺑﻪ ﻱ ﻣﺮﻛﺰﻧﺎﺣﻴﻪ 
 ﻣﺤﻴﻄﻲ ﻓﻌﺎﻟﻴﺖ  ﻧﺎﺣﻴﻪ  ﺳﻠﻮﻟﻬﺎﻱ ﺍﺯ ﺁﻧﺠﺎ ﻛﻪ  ﻭﺍﻧﺘﻘﺎﻝ ﻳﺎﻓﺘﻪ 
 ﻧﺎﺣﻴﻪ ﺎﻱ ﻧﺴﺒﺖ ﺑﻪ ﺳﻠﻮﻝ ﻫ ﭘﻴﺲ ﻣﻴﻜﺮﻱ ﺫﺍﺗﻲ ﺑﺎﻻﺗﺮﻱ 
ﺮ ﺘ ﻫﻢ ﺑﻴﺸ etaRﻘﺪﺍﺭ ﻣ ﺩﺍﺭﻧﺪ ﻠﻴﺰﻱﺩﻫ -ﻣﺮﻛﺰﻱ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ 
 ﺍﻳﻦ ﻧﺘﺎﻳﺞ ﻣﺸﺎﺑﻪ ﻧﺘﺎﻳﺠﻲ ﺍﺳﺖ ﻛﻪ ﺗﻮﺳﻂ .ﺧﻮﺍﻫﺪ ﺷﺪ 
 .(٠١،٢١،٥١،٠٢،١٢،٢٢)ﺩﻳﮕﺮﺍﻥ ﻧﻴﺰ ﮔﺰﺍﺭﺵ ﮔﺮﺩﻳﺪﻩ ﺍﺳﺖ
، ﻫﺎﻱ ﻣﻬﻢ ﻣﺴﺌﻮﻝ ﻓﻌﺎﻟﻴﺖ ﭘﻴﺲ ﻣﻴﻜﺮﻱ  ﻳﻜﻲ ﺍﺯ ﺟﺮﻳﺎﻥ 
-ﺍﻳﻦ ﺟﺮﻳﺎﻥ ﺩﺭ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ . ﺍﺳﺖ ”fi“ ﺟﺮﻳﺎﻥ ﻳﻮﻧﻲ 
ﻪ  ﻧﺎﺣﻴ  ﺩﺭ ﻲﺩﻫﻠﻴﺰﻱ ﺳﺎﻟﻢ ﻭ ﺩﺳﺖ ﻧﺨﻮﺭﺩﻩ ﻧﻘﺶ ﻛﻮﭼﻜ 
 ﻧﻘﺶﮔﺮﻩ  ﺑﺎﺯﻱ ﻣﻲ ﻛﻨﺪ ﻭﻟﻲ ﺩﺭ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ ﻱﻣﺮﻛﺰ
ﺍﻳﻦ    ﺍﺛﺮ ﺑﻠﻮﻛﻪ ﻛﺮﺩﻥ (.٤١ﻭ٥١) ﺪﻧﻤﺎﻳ ﺭﺍ ﺍﻳﻔﺎ ﻣﻲ ﺘﺮﻱﺑﺰﺭﮔ
 ﻣﻴﻠﻲ ﻣﻮﻻﺭ ﺳﺰﻳﻢ ﻗﺒﻞ ﻭ ﺑﻌﺪ ﺍﺯ ﻗﻄﻊ ﻣﺎﻫﻴﭽﻪ ٢ﺟﺮﻳﺎﻥ ﺗﻮﺳﻂ 
ﺩﻫﻠﻴﺰﻱ ﻧﺸﺎﻥ ﺩﺍﺩ ﻛﻪ ﺍﻳﻦ ﺍﺛﺮ ﺩﺭ ﻣﺮﺣﻠﻪ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ 
  etaR  ﺑﻴﺸﺘﺮ ﺩﺭ ﻣﻴﺰﺍﻥ ﻛﺎﻫﺶ. ﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺑﻴﺸﺘﺮ ﺍﺳﺖ ﻫﻣﺎ
 -ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺍﺯ ﮔﺮﻩ ﺳﻴﻨﻮﺳﻲ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ 
 ﺭﻫﺒﺮﻱ ﭘﻴﺲ ﻣﻴﻜﺮﻱ  ﺑﻪ ﻋﻠﺖ ﺷﻴﻔﺖ ﻭ ﺟﺎﺑﺠﺎﻳﻲ ﺩﻫﻠﻴﺰﻱ 
 ﺍﺣﺘﻤﺎﻝ ﺭﺍ  ﺍﻳﻦ ﻲﻣﺤﻴﻄﻧﺎﺣﻴﻪ  ﺑﻪ ﻱﻣﺮﻛﺰﻧﺎﺣﻴﻪ  ﺍﺯ ﻛﻨﻨﺪﻩ
ﻭ   ﺩﻫﻠﻴﺰﻱ ﻛﻪ ﺑﻌﺪ ﺍﺯ ﺟﺪﺍ ﻛﺮﺩﻥ ﻣﺎﻫﻴﭽﻪ ﺗﻘﻮﻳﺖ ﻣﻲ ﻛﻨﺪ 
 ”fi“ ﻳﻮﻧﻲ ﺮﻳﺎﻥ ﺟ (ﻛﻨﻨﺪﻩ ﺣﺬﻑ ﺍﺛﺮ ﺟﺮﻳﺎﻥ ﻫﻴﭙﺮﭘﻮﻻﺭﻳﺰﻩ )
 ﺑﺎﺷﺪ ﺩﻫﻠﻴﺰﻱ ﻓﻌﺎﻝ ﺗﺮ ﺷﺪﻩ -ﻩ ﺳﻴﻨﻮﺳﻲ  ﮔﺮ ﺭ ﻧﺎﺣﻴﻪ ﻣﺤﻴﻄﻲ ﺩ
ﺍﻳﻦ  ﺍﺛﺮ ﺑﻠﻮﻛﻪ ﻛﺮﺩﻥ ﺯﻳﺮﺍ ﻫﻤﺎﻧﻄﻮﺭ ﻛﻪ ﺩﺭ ﺑﺎﻻ ﮔﻔﺘﻪ ﺷﺪ 
 ﺍﺯ ﺍﺛﺮ ﺁﻥ ﻗﺒﻞ ﺍﺯ ﺟﺮﻳﺎﻥ ﺑﻌﺪ ﺍﺯ ﻗﻄﻊ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ ﺑﻴﺸﺘﺮ 
 ﺍﻳﻦ ﻣﻮﺿﻮﻉ ﺩﺭ ﻧﻤﻮﻧﻪ ﻫﺎﻱ .ﺍﺳﺖ ﻗﻄﻊ ﻣﺎﻫﻴﭽﻪ ﺩﻫﻠﻴﺰﻱ 
ﺗﻮﭖ ﻣﺎﻧﻨﺪ ﻛﻮﭼﻚ ﺑﺎﻓﺘﻲ ﺗﻬﻴﻪ ﺷﺪﻩ ﺍﺯ ﻧﻮﺍﺣﻲ ﻣﺘﻔﺎﻭﺕ ﮔﺮﻩ 
ﺑﻪ ﻋﻨﻮﺍﻥ . (٥١)ﺍﺛﺒﺎﺕ ﺭﺳﻴﺪﻩ ﺍﺳﺖ ﺩﻫﻠﻴﺰﻱ ﻫﻢ ﺑﻪ  –ﺳﻴﻨﻮﺳﻲ
ﺳﺰﻳﻢ  ﻣﻴﻠﻲ ﻣﻮﻻﺭ  ٢ﺩﺭ ﻫﻨﮕﺎﻡ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ etaR ﻣﻘﺪﺍﺭﻣﺜﺎﻝ 
 ﺍﺯ ﻧﺎﺣﻴﻪ  A ﺩﺭﺻﺪ ﺩﺭ ﺗﻮﭖ ٩١±١ﻣﻮﺟﺐ ﻛﺎﻫﺸﻲ ﺑﻪ ﻣﻘﺪﺍﺭ 
  .ﻣﺤﻴﻄﻲ ﮔﺮﺩﻳﺪﻩ ﺍﺳﺖ
 ﻭ ﻣﺪﻝ ﺭﻳﺎﺿﻲ ﻛﻪ ﺍﺯ ﮔﺮﻩ )noitalumis(ﺩﺭ ﻣﺸﺎﺑﻪ ﺳﺎﺯﻱ 
 ﺩﻫﻠﻴﺰﻱ ﺍﺭﺍﻳﻪ ﮔﺮﺩﻳﺪﻩ ﺑﺎ ﻳﻚ ﺗﻔﺎﻭﺕ ﺟﺰﻳﻲ -ﺳﻴﻨﻮﺳﻲ 
 ﺑﺪﺳﺖ ﺁﻣﺪﻩ ﻣﻮﺭﺩ ﺗﺎﻳﻴﺪ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻪ ﺍﺳﺖ ﻧﺘﺎﻳﺞ ﺗﺠﺮﺑﻲ 
 (.۴۲،۳۲)
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ﻢﻬﺳ ﺟ ﻥﺎﻳﺮ ﻲﻧﻮﻳ “if” ﺭﺩ  ﺲﻴﭘ ﺖﻴﻟﺎﻌﻓ   ﻪﻴﺣﺎﻧ ﻱﺮﻜﻴﻣ
ﻲﻄﻴﺤﻣ ﻲﺳﻮﻨﻴﺳ ﻩﺮﮔ - ﻱﺰﻴﻠﻫﺩ ﻳﻻﺩ ﺯﺍ ﻲﻜﻳ ﻞﻗﺍﺪﺣ ﻞ 
 ﻱﺮﻜﻴﻣ ﺲﻴﭘ ﺖﻴﻟﺎﻌﻓ ﻥﺩﻮﺑ ﺮﺗﺪﻨﺗ ﻲﻣ  ﺪﺷﺎﺑ  . ﻡﺯﻻ ﻲﻟﻭ ﻪﺑ
 ﺖﺳﺍ ﺮﮐﺫ ﻦﻳﺍ ﻪﻛ ﻞﻴﻟﺩ ﺎﻬﻨﺗ ﻩﺩﻮﺒﻧ ﻊﻳﺮﺳ ﻲﻧﻮﻳ ﻥﺎﻳﺮﺟ ﻪﻜﻠﺑ
 ﻲﻤﻳﺪﺳ ﺎﻳINa ﺶﻘﻧ ﺰﻴﻧ  ﻲﻄﻴﺤﻣ ﻪﻴﺣﺎﻧ ﺭﺩ ﻲﮔﺭﺰﺑ ﻭ ﻢﻬﻣ 
 ﻩﺮﮔ ﻱﺰﻛﺮﻣ ﻪﻴﺣﺎﻧ ﻪﺑ ﺖﺒﺴﻧ ﻲﺳﻮﻨﻴﺳ - ﻱﺰﻴﻠﻫﺩ  ﻱﺯﺎﺑ  
 ﺪﻨﻛ ﻲﻣ.  ﻂﺳﻮﺗ ﻥﺎﻳﺮﺟ ﻦﻳﺍ ﻥﺩﺮﻛ ﻪﻛﻮﻠﺑ ﺍﺮﻳﺯ  TTX  
 ﺖﻴﻟﺎﻌﻓ ﺶﻫﺎﻛ ﺐﺟﻮﻣ ﺪﻧﺍﻮﺗ ﻲﻣ  ﺩﺩﺮﮔ ﻱﺮﻜﻴﻣ ﺲﻴﭘ   
)١٦،١١(. 
 
  ﻱﺭﺍﺰﮕﺳﺎﭙﺳ 
 ﻥﺎﻤﺗﺭﺎﭘﺩ ﻥﺎﻨﻛﺭﺎﻛ ﻪﻴﻠﻛ ﺯﺍ ﺪﻨﻧﺍﺩ ﻲﻣ ﻡﺯﻻ ﺩﻮﺧﺮﺑ ﻪﻟﺎﻘﻣ ﻥﺎﮔﺪﻨﺴﻳﻮﻧ
 ﺍﺩ ﻱﮊﻮﻟﻮﻳﺰﻴﻓ ﺲﻜﻋ ﻪﻴﻬﺗ ﺭﺩ ﻪﻛ ﻪﻧﺎﺨﺳﺎﻜﻋ ﻝﻮﺌﺴﻣ ﺹﻮﺼﺧ ﻪﺑ ﻥﺎﺘﺴﻠﮕﻧﺍ ﺯﺪﻴﻟ ﻩﺎﮕﺸﻧ 
 ﻝﻭﺍﺪﺟﻭ ﺎﻫ ﺪﻧﺍ ﻩﺩﺮﮐ ﯼﺭﺎﻳ ﺍﺭ ﺎﻣ  ﺭﻮﻄﻨﻴﻤﻫ ﻭ ﺯﺍ ﻲﺿﻭﺮﻌﻣ ﺯﺎﻨﻬﺷ ﻢﻧﺎﺧ ﻡﺮﺘﺤﻣ ﺭﺎﻜﻤﻫ
ﻪﻟﺎﻘﻣ ﭗﻳﺎﺗ ﻪﻛ  ﺍﺭ ﺪﻨﺘﺷﺍﺩ ﻩﺪﻬﻋﺮﺑﻱﺭﺍﺰﮕﺳﺎﭙﺳ ﺪﻨﻳﺎﻤﻧ. 
 
 
Summary 
Comparison of Hyperpolarization-Activiated Current “if” on the Rate of Spontaneous Activity and 
Cycle Length before and after Cutting of Atrial Muscle away from Intact Sinoatrial Node of  Rabbit 
Nikmaram, M.R. PhD. 1, Boyett, M.R. PhD.2; and  Fathimoghaddam, H. PhD.3 
1.Assistant professor of physiology, Iran Universtity of Medical Sciences and Health services 2. Professor of physiology, Leeds 
Universtity, UK 3. Assistant professor of physiology, Ahwaz Universtity of Medical Sciences and Health services Ahwaz, Iran. 
 
It has been shown  that the hyperpolarization-activated current “if” that is  blocked by 2 mM Cs+ plays a 
minor role on pacemaker activity of  the center and a major role on activity of the periphery of rabbit intact 
sino-atrial node. On the other hand some investigations  showed  that if the atrial muscle, surrounding the 
sino-atrial node, is cut away there is a shift in leading pacemaker site from the center to the periphery and 
an increase in the rate of spontaneous action potentials.This can be explained by the loss of the electrotonic 
suppression of the node  periphery by the atrial muscle or the greater role of “if” current on peripheral zone. 
2mM Cs+ decreased the rate of spontaneous activity by 13±2 % before the cutting whereas after cutting it  
decreased the rate by 20±4%. This can be explained by the shift in leading  pacemaker site from the center to 
the  periphery  after the cutting. It is possible to conclude that increase in rate of spontaneous activity after 
cutting is the result of the greater role of “if” current in peripheral zone.  
 
Key Words: Hyperpolarization-activiated current “if” sino atrial node, Cs+, Cycle Lengh, Rate of 
spontaneous activity 
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